Growth and reproduction in the Icelandic grey seal
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ABSTRACT

Growth and reproduction in grey seals (Halichoerus grypus Fabricius, 1791) from Iceland were ex-
amined. The oldest Icelandic grey seals obtained were a 36 year old female and a 23 year old male.
The longest animals were a 255 cm 13 year old male, and a 230 cm 20 year old female. The heaviest
grey seal was an 11 year old male weighing 310 kg. The heaviest female was a 20 year old female
that weighed 240 kg. Females reached an asymptotic standard length and weight of 200 (95% CI 196
-204) cm and 164 (95% CI 157 - 171) kg. Males attained an asymptotic standard length of 243 (95%
CI 232 - 254) cm and mass 0f 279 (95% CI 254 - 306) kg. Investigations of the ovaries and testes in-
dicate that, by the time that females were seven years old, over 90% were pregnant. The average age
of sexual maturity of females was 4.0 years (95% CI 3.59 - 4.41) and the average age of first pupping
was 5.3 (95% CI1 4.95 - 5.72). Average age of sexual maturity for males was 4.9 (95% CI 4.43 - 5.40).
Seven out of 8 grey seal males had fully developed testes at the age of 7. All males, 8 years of age and
older were mature. Adult (5+ years) females and males are fattest in the summer right before breeding
in the autumn, but leanest in the winter after breeding and mating, and in the spring after moulting.

Hauksson, E. 2007. Growth and reproduction in the Icelandic grey seal (Halichoerus grypus).
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INTRODUCTION

The grey seal (Halichoerus grypus Fab-
ricius, 1791) is a large phocid, with males at-
taining over 300 kg in weight. They have a
cold temperate to subarctic distribution in
the North-Atlantic, with animals from the
Northeast Atlantic population occurring as far
north as Murmansk, western Russia, and as
far west as Iceland (Haug et al. 1994, Fig. 1).

In the early 1980’s, people in the Icelandic fish-
ing industry were concerned about the possible
detrimental effects of a growing unexploited
grey seal stock on fisheries, both direct through
predation and indirect through their role as the
final host of the sealworm (Pseudoterranova de-
cipiens) in Icelandic coastal waters (Olafsdottir
2001). This concern resulted in more research on
the biology of the grey seal in Iceland, (Hauks-
son 2007, Hauksson and Bogason 1997a,b,
Olafsdottir and Hauksson 1997, Pélsson 1993).

Early work on grey seals in Iceland led to the
species description by Eggert Olafsson in 1772.

The description Phoca grypus in 1791 by Fab-
ricius is likely based on Olafsson’s (Bonner
1981). Thienemann later described it as a spe-
cies nova, in 1839, but Jonas Hallgrimsson
showed that Thieneman was in error and that
the Icelandic grey seal was P. grypus (Jonsson
1988). Bjarni Semundsson (1932) then de-
scribed the Icelandic grey seal as (Halichoerus
grypus, Fabricius) in his monograph on Ice-
landic mammals, and commented on its size,
sexual dimorphism and breeding schedule.

The trend in the Icelandic grey seal population
has been different from that in other areas. Al-
though there are some small and increasing stocks
in the Baltic (Harding ef al. 2007), on the coasts
of Murman (Ziryanov and Mishin 2007), on the
coast of Norway (Nilssen and Haug 2007), on
the eastern shores of United States of America
(Wood et al. 2007) and Faroe Islands (Mikkelsen
2007), grey seal stocks around the British Isles
and in Canada are quite large and appear to be
still increasing (Bowen et al. 2003, Duck and
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Fig. 1. Typical
grey seal breeding
habitat: a rocky "=
island off Iceland.
(Photo: Erlingur
Hauksson)
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Thompson 2007, Hammill ez al. 2007). Howev-
er, the Icelandic grey seal stock, is small and de-
creasing (Hauksson 2007). This makes it inter-
esting to compare its growth and reproductive
rates with those of other grey seal populations.
Data on asymptotic size are available for British
grey seals (Boyd 1984, Bonner 1981, McLaren
1993) and for the north western Atlantic grey
seal stock (Murie and Lavigne 1992, McLaren
1993, Mohn and Bowen 1996, Hammill and
Stenson 2000, Lesage and Hammill 2001). Re-
production data for grey seals is also available,
from Norwegian waters (Wiig 1991), the North-
west Atlantic (Mansfield 1978, Hammill and
Gosselin 1995), and from the British Isles and
Faroe Islands (Bonner 1981, Boyd 1985). This
paper examines recent information on growth
and maturity of grey seals in Icelandic waters.

MATERIALS AND METHODS

Whole animals or samples including the lower
jaw, stomach and sex-organs were obtained from
local fishers, special collectors and seal-hunters
(Table 1). Date of collection was known within
+15 days. Samples were preserved frozen. Age
in years was determined by counting growth-lay-
ers in the cementum of a thin-transverse-section
(0.4-0.6 mm) of the canine tooth, cut with a low

speed saw near the base of the tooth. The best
position of the transverse cut was determined by
longitudinal sectioning of several teeth (Mans-
field and Fisher 1960). A binocular-dissecting
microscope with 6X to 50X magnification and
transmitted light was used (Bowen et al. 1983).

Ventral curve linear standard length (Ameri-
can Society of Mammalogists 1967, McLaren
1993) of animals was measured to the nearest
cm from the nose to the end of the tail, with the
animals lying on their backs. Blubber thick-
ness was measured to the nearest cm, by mak-
ing a ventral cut through the skin and fat at
the lower end of the sternum. Body mass was
determined with a Salter scale (for 0 - 999 kg
loads) to the nearest kg, but was not corrected
for blood loss. Changes in size at age were de-
scribed using a von Bertalanffy growth model
A, = Ao, (1-exp(-a(x-X)))b (McLaren 1993),
where A, and Acoare eitherlength (L) ormass (M)
atage x in years and asymptotic length or mass in
cm or kg respectively. The variable x, was set at
-0.59, and was used to fit standard length or mass
in relation to age, as recommended by McLaren
(1993). The coefficient, a, determines the rate
of approach to the asymptote and b determines
the curvlinearity of this approach (Fig. 2. and
3.). X, is negative when birth is taken at age 0.
Standard length was measured on all foetuses

Grey seals in the North Atlantic and the Baltic
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Fig. 2. Growth in standard length with age of female
(0) and male (+) Icelandic grey seals (Halichoerus
grypus) described with the von Bertalanffy model
(see McLaren 1993).

recovered and foetuses were weighed to the
nearest 5 grams. Foetal growth in length was
examined by fitting the data to a Gompertz
growth equation. The mean date of birth was set
on 15 October, day 289 (see Yunker ef al. 2005).

Ovaries and testes were preserved frozen. Trans-
verse, systematic cuts were made into the ova-
ries, and the sections were examined macroscopi-
cally for evidence of follicular activity, presence
of corpus luteum, or corpora albicans. Females
were considered mature if evidence of follicular
growth was found, and when the largest diam-
eter of a follicle exceeded 5 mm (Boyd 1983).
Females were also classified as nulliparous (fe-
male has never been impregnated), primiparous
(pregnant only once, regardless of whether the
pregnancy is carried to term) and multiparous
(previously pregnant more than once and either
pregnant or non pregnant at the time of collec-
tion). Testes (with epididymis), which had been
kept frozen, were weighed with 5 g accuracy
and males with a testes average weight >75
grams considered mature, with reference to the
fitted Gompertz curve of testes mass to age (Fig.
4). The average age of sexual maturity (presence
or absence of corpus luteum) and average age of
first pregnancy (presence or absence of foetus)
of females and average age of sexual maturity
of males (testes mass > 75 grams) were esti-
mated using the algorithm developed for marine
mammal populations by DeMaster (1978).

Statistical analyses were performed with Math-
lab® 7.1 Statistical Toolbox version 5.1. The
routines ‘normplot’ and ‘dfittool’” were used to
test for normality of data. Non linear least square
regression of standard length and weight on age
and estimation of the power curve of weight on
length were done with the ‘nlinfit’ routine, and
the measured fat thickness, which had close to
normal distribution (log likelihood -1177.87),
was investigated for significant differences with
analysis of variance with sex, collection month
and their interaction as factors, with the ‘anovan’
routine. Stepwise multiple regression was per-
formed with the ‘stepwise’ and ‘regress’ routines.

RESULTS

Age distribution, length and weight of col-
lected animals

A total of 37 females, 55 males and 2 foetuses of
unknown sex were collected during the months
April to August. The females obtained in Sep-
tember were all from breeding sites and had al-
ready given birth (Table 1). The smallest foetus
examined was collected in April 1993. The sex
of this foetus is not known. It had a standard
length of 5.5 cm and weighed 10 grams. The
smallest foetuses of known sex were 16 cm and
105 grams and 15 cm and 135 grams for fe-
males and males respectively, collected in May
1990 and in April 1993 respectively. The larg-
est female foetus found in uteri, had a standard
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Fig. 3. Change in mass at age of female (o) and
male (+) Icelandic grey seals (Halichoerus grypus)
described with the von Bertalanffy model for growth
(solid lines). Calculated mass at age, by using esti-
mated standard length at age and the power function
of weight on length (dotted lines), is presented for
comparison.
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Table 2. Parameter values for von Bertalanffy growth model with 95% confidence intervals in
parentheses.
Ao a b
LENGTH
Males 242.9 (232.0,  253.8)  0.124 (0.072,  0.176) 0.283 (0.249,  0.317)
Females 200.1 (196.2,  203.9)  0.252 (0.169,  0.334) 0.286 (0.241,  0.331)
MASS
Males 279.2 (2545,  305.9)  0.116 (0.072,  0.159) 0.716 (0.642,  0.790)
Females 164.1 (156.9,  171.3)  0.332 (0215, 0.428) 0.849 (0.699,  0.999)
w— e =
1990 and October 1992 respectively. The big-
= L eategt e A gest nursing pups observed were a 136 cm long,
‘E?'.& ! "__iE; ¥ 68 kg female and a 141 cm long, 71 kg male.
EK ..:f:gfi*:i'h A total of 931 females and 643 males 0+ of
@ _.,t,§1.-~' +1 age were sampled (Table 1). The oldest ani-
ﬁ"* ?—” - ¥ mals sampled were a 36 year old female and
Sl g a 23 year old male. The longest animals were
| &7 a 255 cm, 13 year old male, and a 230 cm, 20
i ;. o year old female. The heaviest grey seal was a
e — & e, 310 kg, 11 year old male. The heaviest female
Age (years) was a 20 year old animal weighing 240 kg.

Fig. 4. Mean mass of male grey seal (Halichoerus
grypus) testes in relation to age, according to the
Gompertz growth model.

length of 78 cm and weighed 10.3 kg. The larg-
est male foetus had a standard length of 79 cm
and weighed 12.8 kg male. Both foetuses were
obtained from female grey seals in August 1992.
The smallest newborn pups found on breeding
sites were a 88 cm and 10 kg female and a 83
cm and 12 kg male, collected in November

Length and weight relationships

The relation of weight (Wy) to length (Ly) fol-
lowed a power curve for foetuses and 0+ grey
seals. The relationship for foetuses was;

W= 0.0001096Lf2~621 ;

(adjusted R?=0.97, df = 90, RMSE (Root
Mean Squared Error) = 0.6239; 95% CI for
intercept 0.00004157 - 0.0001776 and for the
exponent 2.476 - 2.767)

Table 3. Total number of female Icelandic grey seal (Halichoerus grypus) collected (N), number
and percentage showing presence of a corpus luteum (CL) or a foetus.

Age (i} 1 2 3 4 5 6 7 8 9 10+
N 96 17 20 26 18 38 41 28 25 27 366
cL 0 0 2 8 1 29 34 27 22* 24** 339*+
Foetus 0 0 1 7 6 29 34 27 23 26 345
% females with CL 0.0 00 100 308 611 763 829 964 917 92.3 94.2
% females with foetus 0.0 00 50 269 333 763 829 964 920 96.3 94.3

* Ovaries missing in one sample, but foetus present.
** Qvaries missing in two samples, but foetus present.
*** Ovaries missing in six samples, but foetus present.
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and for 0+ animals;

Wy, =0.0001933L,,2-575;

(adjusted R? = 0.93, df =465, RMSE =
17.44386; 95% CI for intercept 0.0001203-
0.0002662 and for the exponent 2.504- 2.646).
A better fit was obtained by incorporating girth
and blubber thickness data into the equation for
0+ animals resulting in the relationship:

log M = -8.8275 +2.0173log L + 0.6829log .G
+0.0485F, (R?=0.96, F3 33 = 3212.03, P <
0.001), where L is length (cm), G is a half-girth
measurement over the back of the seals dor-
sally right behind the fore-flippers from axilla
to axilla (cm) and F is the sternum blubber
thickness (cm).

Growth in length and weight

The increase in foetus length was described
by a Gompertz growth function, in relation
to date. On day 289 (15 October), the mean
birthing date, the estimated standard length
of a foetus was 90.0 cm. The weight at birth,
estimated from the mass-length equation
above was 14.5 kg. Two newborn pups exam-
ined at the breeding sites had a body mass of
11 kg for the female and 10 kg for the male.
For 0+ animals, growth at age was described
by fitting a Von Bertalanffy growth curve to
the length (Lx) and weight (Wx) data (Table
2). Males were about 40 cm longer and 115
kg heavier than females (Fig. 2, 3). Differ-
ences in patterns of growth were observed be-
tween males and females. Females grew rapidly
from ages 1 to 5 years, then growth began to
slow, reaching an asymptote by the age of 9
years. For males, growth was rapid between
the ages of 1 and 9 years old, then slowed
reaching an asymptote by the age of 15 years.

Reproduction

Corpora lutea were first observed in 2 females
as young as 2 years old (n = 20) (Table 3). A
foetus was detected in one two year old female,
indicating an age at first birth if carried success-
fully to term of 3 years old. The proportion of
females with corpora lutea was much higher
than the proportion of females with a foetus
present among females aged 2 to 4 years old.
This difference was not noticeable among fe-
males aged 5 years and older. By the time that
animals were 7 years old, over 90% of females
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Fig. 5. Seasonal changes, by month, in condition as
indicated by fat-thickness at lower end of sternum of
adult (5+ years) female and male grey seals (Hali-
choerus grypus).

were pregnant (Table 3). The average age of
sexual maturity of females was 4.0 years (95%
CI 3.59 - 4.41) and average age of first preg-
nancy was 5.3 (95% CI 4.95 - 5.72). Over 95%
of females older than 9 years were mature.
At age 5, the great majority, 82.9% (95% CI
70.4 — 95.3%) of females were multiparous.

The Gompertz growth curve gave a reasonably
good fit to the testes-mass to age data, but the vari-
ability around the best line was great (Fig. 4). The
average age of sexual maturity for males was 4.9
(95% CI14.43 - 5.40). Seven out of 8 of grey seal
males had fully developed testes at the age of 7.
All males 8 years of age and older were mature.

Seasonal changes in condition

There was a significant interaction between sex
and age-groups (P = 0.02), so fat-thickness in
the 2 sexes was analysed separately. Males had
thicker fat at the lower end of sternum than fe-
males. For both sexes the interaction between
month of collection and age-group was highly
significant (P < 0.001). The relation between
fat-thickness and month was different for the
3 age-groups. Pups and seals! - 4 years of age
were not analysed further, because the pups were
obtained in the autumn and too few animals be-
tween the ages of 1 and 4 were sampled (Table
1, numbers in parentheses). On average, females
5+ years old were thinner in the winter and
spring after breeding and moulting than in July
to September. Males 5+ years of age were also
leanest during the early spring and in the winter

Grey seals in the North Atlantic and the Baltic



after the mating time. This was however not a
very strong pattern, and animals with little fat
could be found all year round, with their condi-
tion in the autumn being highly variable (Fig. 5).

DISCUSSION

The average weight of a full-term foetus, ex-
trapolated from these data, was about 15 kg
for the Icelandic grey seal. This is similar to
observations from British grey seals, where
the weights at birth are 15 and 16 kg for fe-
males and males respectively (Bonner 1981).

Icelandic grey seals reached asymptotic lengths
of about 243 and 200 cm for males and females
respectively. This was similar to asymptotic
lengths of 230 and 201 cm for males and fe-
males respectively from the Northwest Atlan-
tic (McLaren 1993), but larger than asymptotic
lengths of 207 and 180 cm for British grey seals
(Bonner 1981). The asymptotic weight of males
is about 115 kg heavier than the females. How-
ever, this is likely an overestimation of the de-
gree of dimorphism between the sexes because
much of the mass data was collected during the
breeding season. Although both males and fe-
males lose mass at this time of year, females
lose mass at a much more rapid rate than males
as a result of energy transfer to the pups during
lactation (Baker ef al. 1995, Tinker et al. 1995).

Among grey seals from Iceland, the average age
of sexual maturity determined from the presence
of a corpus luteum using the method of DeMas-
ter (1978) was 4.0 years (95% CI 3.59 - 4.41).
The average age of first pregnancy, determined
by the presence of a foetus was slightly greater
at 4.3 years (95%CI 3.95-4.72). These are simi-
lar to estimates from the British Isles and the
Faroe Islands (Bonner 1981, Boyd 1985). Esti-
mates of age at sexual maturity are also available
from Norwegian and Northwest Atlantic waters,
but these are expressed as the age at which ani-
mals would give birth (Wiig 1991, Hammill and
Gosselin 1995). When one year is subtracted to
make these comparable to the current dataset,
then age at sexual maturity for Icelandic grey
seals is similar to estimates from these areas.

The reproductive cycle of grey seals males is
probably such that sperm production is at its

maximum during mating during September to
November, but quiescent during other parts of
the year (Gardiner ef al. 1999). Among males,
testis mass increases rapidly between the ages
of 4 to 10 years. Most males were sexually
mature by the age of 8 years, with an average
age of sexual maturity of 4.9 years. This is ap-
proximately one year earlier than has been ob-
served in the Northwest Atlantic (Hammill and
Gosselin 1995). Although virtually all males
may be sexually mature by 8+ years, these ani-
mals appear to be limited to the periphery of
the breeding colony (Hewer 1964), occasion-
ally succeeding in copulating with females
as transient males (Godsell 1991). On Sable
Island, in the Northwest Atlantic, few ani-
mals are capable of maintaining tenure among
whelping females before the age of 11 to 12
years (Boness and James 1979, Godsell 1991).

The Icelandic grey seal population is quite
small, with current estimates suggesting a de-
clining population of 4,100 — 5,900 animals
(Hauksson 2007). Unlike other populations, the
Icelandic population is subject to small-scale
hunting operations to limit perceived impacts
on commercial fisheries. Current estimates are
much lower than historical perceptions of the
population and suggest that the current popula-
tion is much below environmental carrying ca-
pacity. The larger size of the Icelandic grey seal
compared to its nearest neighbors in the United
Kingdom, early age at sexual maturity and high
reproductive rates are similar to what has been
reported for the much larger increasing North-
west Atlantic population of grey seals (McLaren
1993, Hammill and Gosselin 1995, Mohn and
Bowen 1996, Bowen et al. 2003, Duck and
Thompson 2007), which would suggest that
density dependent factors in response to low
abundance are operating in this population.
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